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RETURN TO ZERO DIGITAL TO ANALOG
CONVERTER AND CONVERTING METHOD
THEREOF

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a digital to analog con-
verter, to a return-to-zero digital to analog converter with
improved wideband characteristics by enabling a return-to-
zero output without separate clock and controller, and a con-
verting method thereof.

2. Description of the Related Art

With the advent of high speed wideband processing system
with development of information communications, there 1s an
increasing need of a digital to analog converter (DAC) which
1s capable of synthesizing analog signals of a desired fre-
quency band at high speed and accordingly the number of
applications to which such a DAC 1s applied 1s increasing.

FIG. 1 shows a configuration of a general high speed DAC
10. As shown, the high speed DAC 10 includes a thermometer
decoder 13 for promptly selecting a switch corresponding to
input digital information in order to increase a selection speed
of a current switch 17 connected to a current source 16, and
pipelines 12 and 15 using tlip-tlops for process of individual
words.

In more detail, mput p-bit digital data are first provided to
the first pipeline 12 through an input butler 11. Then, some
upper g bits 1n the p-bit digital data are delivered to the second
pipeline 15 through the thermometer decoder 13 which out-
puts the upper q bits as bits of the combinable number of
(27-1), while the remaining (p—-q) bits are delivered to the
second pipeline 15 through a delay block 14 which delays a
process time of the thermometer decoder 13 for the purpose of
processing the (p—q) bits along with the g bits. An output
((29-1)+(p—q) bits) of the second pipeline 15 which pro-
cesses outputs of the thermometer decoder 13 and the delay
block 14 1n parallel 1s used as a control signal of the current
switch 17 to selectively output the current source 16 con-
nected to the current switch 17, thereby providing a desired
output current with a combination of segment current.

The current switch 17 and the current source 16 may be
configured using various schemes, including, for example, a
scheme of connecting switches to respective non-linear cur-
rent sources to provide a desired output current, a scheme of
outputting unit current sources through a combination of
switches to provide a desired output current with a combina-
tion of outputs thereof, a scheme of operating switches to
which linear current sources having respective weights based
on binary values are connected to provide a desired output
current with a combination of outputs thereof, a scheme of
combining two or more of the above-mentioned schemes to
provide a desired output current, etc.

The DAC 10 1s operated 1n synchronization with clocks
which provide operation periods of the first and second pipe-
lines 12 and 13, and accordingly such a clock speed becomes
an operation speed of the DAC 10. If an output of the DAC 10
1s an NRZ (Non-Return-to-Zero) output, a discontinuous ret-
erence between output currents provided per clock becomes a
clock period, which may limit a degree of precision. In order

to overcome such a Nyquist band limitation (that 1s, a limita-
tion of a use band to a clock frequency) and cope with a high
speed wideband, up-converters must be connected 1n series,
which may result 1n complexity of configuration.
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As another method for achieving a high speed and wide-
band DAC, a configuration of converting an NRZ output to a

RZ (Return-to-Zero) output may be additionally employed to
extend a Nyquist band.

FIG. 2 shows examples of an NRZ output and a RZ output.
As shown, placing an NRZ output signal in the left side of the
figure on a zero point (0) one time per unit period as shown as
an RZ output signal in the right side of the figure can double
a Nyquist band. Accordingly, 1t 1s possible to achieve a wide-
band output without an additional up-converter.

FIG. 3 shows a partial configuration of an existing DAC for
RZ output, where a switch 20 which provides a current source
as an output 1s controlled by an RZ control signal.

Specifically, the existing DAC 1s configured such that a
separate RZ controller 21 1s added to control the switch 20 to
output a ground potential every a period of clock for a prede-
termined time, while a control signal produced for DAC out-
put (that 1s, switch selection data obtained from mput digital
data) 1s provided to the switch 20. The RZ controller 21
receives an RZ control signal and controls an output of the
switch 20 to be an zero point (0) every a period of input clock
based on the received RZ control signal. In this case, 1t 1s
commonly configured such that the RZ output 1s automati-
cally provided through the switch 20 according to a signal
provided by the RZ controller 21 and a clock signal, and most
of the RZ output provided through the switch 20 1s forced to
be the zero point during half or so a clock period.

However, such a configuration has to employ the above-
mentioned separate RZ controller 21 and provide a signal
which provides the RZ controller 21, which may result in
increase 1n its load to be controlled, increase 1n power con-
sumption for operation of the controller 21, and complexity of
the configuration. In addition, since the clock signal, which 1s
a digital signal, 1s directly coupled to the switch 20 for gen-
erating an analog signal, noise of the clock signal has an effect
on the analog signal, which results in deterioration of system
stability. In particular, if an output signal 1s forced to be
coupled to a ground 1n order to put the output signal on a zero
point using the clock signal, dynamic performance 1s deterio-
rated due to noise of the clock signal.

As an alternative, as shown 1n FI1G. 4, 1t may be configured
that, 1n addition to providing a control signal (that 1s, switch
selection data obtained from 1nput digital data) generated for
DAC output to the switch 30 configured to provide RZ output,
a re-sampling clock faster than the system clock 1s further
provided to the switch 30, so that a current of the current
source coupled to an output of the switch 30 can alternate with
a zero point by the re-sampling clock.

However, since such a configuration also requires a con-
figuration for generating the additional re-sampling clock for
the RZ output and the re-sampling clock 1s directly provided
to the RZ switch 30 which 1s an analog circuit, noise of the
re-sampling clock has an efiect on the analog signal, which
results 1 deterioration of system stability.

In this manner, the existing configurations for RZ output
require separate controller configurations or clocks, and
when the existing configurations use the scheme of coupling
an output signal to a ground using clocks, there arise a prob-
lem of deterioration of dynamic performance due to clock
noise. Accordingly, there 1s an increasing need for an RZ
DAC with eflicient power consumption and size and
improved dynamic performance.

SUMMARY OF THE INVENTION

In order to overcome the above problems, 1t 1s an object of
the present invention to provide a return-to-zero digital to
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analog converter with efficient power consumption and size,
which 1s capable of generating a return-to-zero (RZ) output
signal without a separate controller and additional signals,
and a converting method thereof.

It 1s another object of the present mvention to provide a
return-to-zero digital to analog converter which 1s capable of
outputting an RZ output without directly providing a clock
signal to an analog circuit by configuring a switch for gener-
ating a zero point signal and a differential pipeline for pro-
viding a differential signal to control the switch according to
input digital data using a differential structure, and a convert-
ing method thereof.

It 1s st1ll another object of the present invention to provide
a return-to-zero digital to analog converter which 1s capable
ol minimizing an impedance change due to a switch operation
by configuring four differential switches as a unit switch to
determine an output of a current source and providing a
differential signal so that the number of switches turned on 1n
all operation modes 1s made equal, and a converting method
thereol.

It 1s yet still another object of the present invention to
provide a return-to-zero digital to analog converter which 1s
capable of canceling a capacitance component by configuring
four differential switches as a unit switch to determine an
output of a current source and producing level switching
processes of each differential switch in symmetry, and a con-
verting method thereof.

To achieve the above objects, according to an aspect of the
invention, there 1s provided a return-to-zero digital to analog
converter including: a plurality of current sources; a switch
part including a plurality of unit switches which 1s respec-
tively connected to the current sources and outputs current
from the current sources as one or both of a pair of differential
outputs according to a plurality of differential switch inputs;
and an RZ control signal generating part which provides, as
the plurality of differential switch inputs, RZ control signals
to cause the current from the current sources to be respec-
tively output, with different signs, to one side and the other
side of differential outputs of the unit switches or cause half of
the current to be respectively output, with different signs, at
once, to the one side and the other side of differential outputs
of the unit switches when the unit switches are operated.

According to another aspect of the invention, there 1s pro-
vided a return-to-zero digital to analog converter including: a
first pipeline which aligns digital data; a thermometer
decoder which thermometer-decodes some outputs of the first
pipeline; a dual-differential switching signal generating part
which aligns outputs of the thermometer decoder and outputs,
which are not provided to the thermometer decoder, of out-
puts of the first pipeline, and outputs two pairs of RZ control
signals for each of the aligned outputs; a switch part including
a plurality of unit switches each including two pairs of dii-
terential switches which are respectively coupled with out-
puts of the dual-differential switching signal generating part
and provide a pair of differential outputs; and a plurality of
current sources respectively connected to the unit switches of
the switch part.

According to still another aspect of the invention, there 1s
provided a converting method of a return-to-zero digital to
analog converter, including: a configuring step of configuring
a switch part with unit switches which output current from
current sources to a pair of differential output terminals
according to operation of two pairs of differential switches;
an RZ control signal generating step of generating signals to
select the unit switches from a digital signal for conversion,
converting the generated signals to two pairs of RZ control
signals for control of the two pairs of differential switches,
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and providing the two pairs of RZ control signals; and an RZ
outputting step of outputting half of the current from the
current sources to the diflerential output terminals, with dii-
ferent signs, at once, while the current of the current sources
1s alternately provided to the differential output terminals of
the unit switches according to the RZ control signals.

According to an embodiment of the present ivention,
there 1s provided a return-to-zero digital to analog converter
with efficient power consumption and size, which 1s capable
ol generating a return-to-zero (RZ) output signal without a
separate controller and additional signals, and a converting
method thereof.

According to an embodiment of the present ivention,
since a return-to-zero digital to analog converter and a con-
verting method thereof are capable of outputting an RZ output
without directly providing a clock signal to an analog circuit
by configuring a switch for generating a zero point signal and
a differential pipeline for providing a differential signal to
control the switch according to mput digital data using a
differential structure, the converter can provide wideband
characteristics and high dynamic performance.

According to an embodiment of the present mvention,
since a return-to-zero digital to analog converter and a con-
verting method thereof are capable of minimizing an 1imped-
ance change due to a switch operation by configuring four
differential switches as a unit switch to determine an output of
a current source and providing a differential signal so that the
number of switches turned on 1n all operation modes 1s made
equal, stability of the converter can be improved.

According to an embodiment of the present invention,
since a return-to-zero digital to analog converter and a con-
verting method thereof are capable of canceling a capacitance
component by configuring four differential switches as a unit
switch to determine an output of a current source and produc-
ing level switching processes of each differential switch 1n
symmetry, stability of the converter can be improved.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and/or other aspects and advantages of the
present invention will become apparent and more readily
appreciated from the following description of the embodi-
ments, taken 1n conjunction with the accompanying drawings
of which:

FIG. 1 1s a block diagram of a general high speed digital to
analog converter;

FIG. 2 1s a view showing an example of return-to-zero
output;

FIGS. 3 and 4 are views showing partial configuration of a
digital to analog converter for return-to-zero output;

FIG. 5 1s a block diagram showing a return-to-zero digital
to analog converter according to an embodiment of the
present invention;

FIG. 6 1s a unit switch circuit diagram according to an
embodiment of the present invention;

FIG. 7 1s a return-to-zero signal table according to an
embodiment of the present invention;

FIG. 8 1s a unit switch circuit diagram according to another
embodiment of the present invention;

FIG. 9 1s a return-to-zero signal table according to an
embodiment of the present invention;

FIG. 10 1s a brief conceptual view of a dual-differential
switching signal generating unit according to an embodiment
of the present invention; and
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FIG. 11 1s a circuit diagram of a dual-differential switching,
signal generating unit according to an embodiment of the
present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

Hereinafter, the present invention will be described in
detail by way of exemplary embodiments 1n conjunction with
the accompanying drawings.

FIG. 5 15 a block diagram showing an exemplary return-
to-zero digital to analog converter (RZ DAC) according to an
embodiment of the present invention.

As shown, an RZ DAC includes a first pipeline 110 which
aligns mput digital data (p bits) for their parallel processing,
a thermometer decoder 120 which analyzes some bits (g bits)
of an output of the first pipeline 110 and provides an output of
the combinable number (27-1) of the bits (g-bits) for high
speed bit processing based on the analysis, a delay block 130
which delays a process time of the thermometer decoder 120
tor the purpose of processing the remaining bits (p—q) along
with the g bits, a second pipeline 140 which processes outputs
of the thermometer decoder 120 and the delay block 130 1n
parallel, an RZ control signal generating unit 150 which
outputs two pairs of RZ control signals (Signal A, signal B,
signal C and signal D) for each of outputs (29—1+p-g=k) of
the second pipeline 140, an RZ mode switch 160 which 1s
constituted by a plurality of umt switches, each of which
consists of two pairs of differential switches which are
respectively coupled to the RZ control signals and provide a
pair ol differential outputs, and a current source 170 con-
nected to the RZ mode switch 160. Note that the number of
RZ control signals of the RZ control signal generating unit
150 and the number of differential switches constituting the
unit switches depend on embodiments.

The plurality of unit switches constituting the RZ mode
switch 160 1s configured to be connected to a plurality of
respective mndividual current sources constituting the current
source 170 to determine their output. The unit switches pro-
vide RZ outputs by being controlled to generate an interval
during which halves of current of the current source are
output, with different polarities, to each of the pair of differ-
ential outputs so that their sum becomes zero while alter-
nately outputting the current of the connected current source
as one of the pair of differential outputs according to the two
pairs of RZ control signals provided by the RZ control signal
generating unit 150. In the following description, for conve-
nience’ sake, a mode where halves of the current of the
current source coupled with the differential outputs are output
with different polarities so that their sum becomes zero 1s
called ‘common mode.’

In the shown configuration, a system clock 1s provided to
the first pipeline 110, the second pipeline 140 and the RZ
control signal generating unit 150, and a DAC output 1s pro-
vided 1n synchronization with such a system clock. The RZ
control signal generating unit 150 provides an RZ control
signal to the RZ mode switch 160 at a speed double as high as
the system clock. For example, whenever a potential of the
system clock 1s varied, different RZ control signals may be
output. However, for the RZ output, the RZ control signal has
to be set such that the unit switches operating in the RZ mode
switch 160 once per a period of the system clock are 1n the
common mode.

As can be seen from the shown configuration, the system
clock 1s only provided up to the RZ control signal generating
unit 150, but not directly provided to the RZ mode switch 160
which 1s an analog circuit. When the RZ mode switch 160 1s
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6

operated by the RZ control signal of the RZ control signal
generating unit 150 and 1f a clock signal 1s directly coupled to
the analog circuit, possible dynamic performance deteriora-
tion may be eliminated.

In the meantime, the second pipeline 140 and the RZ con-
trol signal generating unit 150 are just separated from each
other for the purpose of logical explanation, but may be
indeed mcorporated with each other, and the first and second
pipelines 110 and 140 may be formed of tlip-tlops.

FIG. 6 shows a unmit switch configuration of the RZ mode
switch according to another embodiment of the present inven-
tion. As shown, a unit switch includes a voltage bias switch
connected to a current source, and a pair of identical differ-
ential switches T1 and T2, each of which 1s connected to the
voltage bias switch. In operation, based on signals A and B to
control the symmetrical differential switches T1 and T2, 1f
only the left differential switch T1 1s turned on, the entire
current I, provided through the voltage bias switch from the
current source 1s output (I,) through the left differential
switch T1 to a left differential output terminal Iout of a pair of
differential output terminals Iout and Iout, while, if only the
right differential switch T2 1s turned on, the entire current I,
1s output (-I,) through the right differential switch T2 to a
right differential output terminal Iout. On the other hand, if
both of the differential switches 11 and T2 are turned on at
once, the current I, provided through the voltage bias switch
1s halved (V2 I,) with the differential switches T1 and 12, so
that the left and nght differential output terminals have their
respective outputs of 21, and -4 1,. In other words, since the
pair of differential output terminals have the respective out-
puts having equal magnitude, the subtraction of the outputs
leads to zero (0).

This may be confirmed through a table of FIG. 7 showing
operation modes based on state of the RZ control signals
(signal A and signal B).

As can be seen from the table of FIG. 7, when a system
clock is 1n high potential, the unit switch alternately outputs I,
and -I,, and on the other hand, 1f the system clock 1s in low
potential, the output of the unit switch enters the common
mode, that 1s, becomes zero. Accordingly, there exists an
interval during which the output of the unit switch returns to
zero for output of RZ.

When the above-described configuration of FIG. 6 1s
applied to the RZ mode switch of FIG. 5 and the operation
logic of FIG. 7 1s applied to the RZ control signal generating
unit, 1t 1s possible to realize the RZ DAC without a separate
complicated control circuit or additional signals.

However, the shown configuration of FIG. 6 may have a
problem that impedance Z1 of a common source node to
which the differential switches are connected 1s varied
depending on state of the differential switches.

In other words, since impedance Z1 when the entire current
I, flows through one differential switch T1 or T2 under the
state where the differential switch T1 or T1 1s turned on 1s
different from impedance Z1 when the entire current I, 1s
halved with two differential switches 11 and T2 under the
state where both of the differential switches T1 and T2 are
turned on, a voltage of the common source node of the dii-
terential switches swings depending on a switch operation,
which may have a fatal effect on stability of the DAC.

In addition, since a capacitance component CGD 1s gener-
ated between a gate and a drain of a transistor actually imple-
menting each differential switch depending on varnation of
the RZ control signal for control of the differential switches
11 and T2, there may exist a point of time when an undesired
output 1s provided, which may also result in deterioration of
dynamic performance.
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FIG. 8 shows modified unit switch circuit configuration
having two pairs of symmetrical differential switches T2/14;
T5/1T6, which 1s capable of preventing the voltage of the
common source node from being varied depending on the
operation of the differential switches. As shown, when drains
of the symmetrical switches are interconnected to configure
differential output terminals Iota and Iout, additional differ-
ential switches are substantially connected 1n parallel to their
corresponding differential switches in the differential switch
configuration shown in FIG. 6.

The four differential switches constituting the unit switch
circuit shown 1n FIG. 8 are respectively controlled by a total
ol 4 control signals (signal A, signal B, signal C and signal D),
signals A and B of which may be provided equal to the signals
provided for the configuration shown in FIG. 6.

The increase in the number of differential switches as in the
shown unit switch of FIG. 8 allows a variety of differential
switch control combinations for outputting a current I, pro-
vided through a bias switch from a current source to the
differential output terminals Iout and Jout. In this case, in
determining a sequence of control combinations such that
outputs of the pairs of differential output terminals become 2
[, and 12 1,, respectively, while I, and -1, are alternately
output to the pairs of differential output terminals for RZ
output, there must be a limitation that the number of turned-
on differential switches 1s always equal to the number of
turned-oil differential switches. When the unit switch is oper-
ated with the number of turned-on differential switches
always equal to the number of turned-off differential
switches, source node impedance Z2 of the differential
switches can always have an equal value, which may resultin
a uniform voltage of a corresponding node. In the meantime,
as indicated by a dashed line 210 1n FI1G. 9, by keeping at least
one of the differential switches T3 and T4 being turned on
(consequently, keeping any two differential switches being
turned on since the differential switches T5 and T6 connected
in parallel by additional inverted RZ control signals) so that
the current source can provide a current, 1n whatever form, to
the differential output terminals while the corresponding unit
switch 1s being operated, 1t 1s possible to minimize the entire
variation of current flow or voltage, which may result of
improved output stability.

FIG. 9 shows a sequence of RZ control signals for gener-
ating RZ output by controlling the differential switches
shown 1n FIG. 8. FIG. 9 also shows a configuration where an
RZ control signal 1s modified, depending on potential varia-
tion of a system clock, to become a signal to cause one of two
RZ control signal outputs according to a system clock of one
period to be a common mode output.

The shown sequence of the RZ control signal is provided
from the RZ control signal generating unit of FIG. 5. It can be
seen from the shown signal configuration that signals A and D
are 1n an inversion relationship and signals B and C are also 1n
an 1version relationship and, as a result, substantial signals
are signals A and B. Signal D, which 1s an inversion of signal
A, 1s provided as a control signal of the differential switch T6
connected 1n parallel to the differential switch T4 symmetri-
cal to the differential switch T3 controlled by signal A, while
signal C, which 1s an iversion of signal B, 1s provided as a
control signal of the differential switch T5 connected 1n par-
allel to the differential switch T3 symmetrical to the differ-
ential switch T4 controlled by signal B. Accordingly, the
added differential switches T3 and T6 can be used to maintain
the number of turning-on/off of the differential switches
depending on operation mode of the differential switches T3
and T4 operated by signals A and B which are substantial RZ
control signals.
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In other words, 1n both of a case where outputs of the pairs
of differential output terminal become I, and -1, and a case
where outputs of the pairs of differential output terminal
become 2 I, and -12 1,, two differential switches can be
always turned on, while always turning off the remaining two
differential switches. Accordingly, the impedance Z2 of the
source node to which sources of the differential switches are
connected 1n common 1s unchanged irrespective of the opera-
tion mode of the differential switches, and accordingly a
voltage of the corresponding source node 1s also unchanged.
As a result, operation characteristics can be improved, which
may result 1n high output quality of the RZ DAC.

In the meantime, although the performance of the DAC
may be deteriorated due to a capacitance component CGD
between a gate and a drain of each of differential switches,
which 1s generated when the control signals are provided to
the differential switches, 1n addition to the varation of imped-
ance of the common source node, 1t can be seen from trian-
gular patterns 220 and 230 indicated 1n FIG. 9 that the poten-
tial of RZ control signals for the symmetrical differential
switches are always mverted at a point of time when turning-
on/oil of the differential switches at one side 1s varied as the
potential of the RZ control signals 1s changed, thereby can-
celing change of the capacitance component for the entire
unit switch.

In other words, when the shown unit switch structure of
FIG. 8 and the RZ control signals of F1G. 9 are used, although
the system clock 1s not directly provided, the RZ output can be
provided while the current source output and the common
mode output are alternately output every system clock, and
one or more of the differential switches can be always kept
turned on so that the current provided by the current source
can always flow umiformly under the state where the unit
switch 1s operated. In addition, even when the RZ control
signals are changed, the power source of the entire system 1s
prevented from being changed and the impedance and voltage
of the common node source are prevented from being
changed by always keeping the number of differential
switches constant. In addition, the capacitance component of
the differential switches, which i1s produced due to the change
of the RZ control signal, can be canceled by causing the
differential switches to be operated 1nversely. Such imple-
mentation of relatively simple control sequence can suppress
most change of electrical characteristics which may be gen-
crated due to the operation of the unit switch, which may
result in high level of dynamic performance.

FIG. 10 shows an example of a dual-differential switching
signal generating unit which 1s an integration of the second
pipeline 140 and the RZ control signal generating unit 150
shown 1 FIG. 5. Specifically, FIG. 10 shows an example
where two pairs of RZ control signals are generated for each
of k-bit signals applied to the second pipeline 140 according
to a system clock. Although this dual-differential switching
signal generating unit substantially requires a flip-tlop and
switch configuration for generating the RZ control signals
shown 1n FIG. 9 according to the change of the system clock
using a clock signal and 1its inverted clock signal, since this
unit can be designed in various ways based on the shown RZ
control signal sequence of FIG. 9, the corresponding portion
1s simplified as a flip-flop part as shown in FI1G. 10. The shown
configuration of FIG. 10 1s for explaining a method of gen-
crating two pairs ol RZ control signals for each of k-bits
signals produced by processing a digital signal. As shown,
when an iput signal and 1ts iverted signal are respectively
provided to the flip-tlop part (substantially a part which aligns
signals and generates reference RZ control signals (signal A
and signal B) by means of flip-flops) operated by the system
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clock, signals respectively provided through the flip-tlop part
and their inverted signals are provided as RZ control signals.

Accordingly, there 1s no need of separate signals and com-
plicated controller configuration for generating these RZ con-
trol signals, which results in simple configuration.

FI1G. 11 1s a detailed circuit diagram of the dual-differential
switching signal generating unit shown in FIG. 10 according
to an embodiment of the present mnvention. The shown con-
figuration of FIG. 11 allows for generation of desired signals
only with relatively simple configuration.

While the present invention has been particularly shown
and described with reference to exemplary embodiments
thereot, 1t will be understood by those skilled 1n the art that
various changes i form and details may be made therein
without departing from the spirit and scope of the present
invention. The exemplary embodiments are provided for the
purpose of illustrating the invention, not 1n a limitative sense.
Thus, 1t 1s mtended that the present mmvention covers the
modifications and variations of this imnvention provided they
come within the scope of the appended claims and their
equivalents.

What is claimed 1s:

1. A return-to-zero digital to analog converter comprising:

a plurality of current sources;

a switch part including a plurality of unit switches which 1s
respectively connected to the current sources and out-
puts current from the current sources as one or both of a
pair of differential outputs according to a plurality of
differential switch inputs; and

an RZ control signal generating part which provides, as the
plurality of differential switch inputs, RZ control signals
to cause the current from the current sources to be
respectively output, with different signs, to one side and
the other side of differential outputs of the unit switches
or cause half of the current to be respectively output,
with different signs, at once, to the one side and the other
side of differential outputs of the unit switches when the
umt switches are operated.

2. The return-to-zero digital to analog converter according,
to claiam 1, wherein the RZ control signal generating part
receives a system clock and outputs different RZ control
signals whenever a phase of the system clock 1s changed.

3. The return-to-zero digital to analog converter according,
to claim 1, further comprising:

a first pipeline which aligns an external digital signal;

a thermometer decoder which thermometer-decodes an
output corresponding to some upper outputs of the first
pipeline; and

a second pipeline which aligns outputs of the thermometer
decoder and the remaiming lower outputs of the first
pipeline and provides each unit switch operating signals
to the RZ control signal generating part.

4. The return-to-zero digital to analog converter according,
to claim 1, wherein the unit switches each have a ditferential
structure having two or more pairs of differential switches,
and the RZ control signal generating part provides the plural-
ity of differential switch inputs such that the same number of
differential switches 1s always turned on or off 1n the unit
switches.

5. The return-to-zero digital to analog converter according
to claim 1, wherein the unit switches each have two differen-
tial switches, and the RZ control signal generating part pro-
vides a pair of differential switch input signals and inversion
of the pair of differential switch mput signals 1n symmetry.

6. The return-to-zero digital to analog converter according
to claim 3, wherein the second pipeline and the RZ control
signal generating part are integrated with each other and
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include a flip-tlop part which stores and ahgns the outputs of
the thermometer decoder and the remaining lower outputs of
the first pipeline and 1inversion thereof according to an exter-
nal system clock and generates the RZ control signals, and a
differential signal output part which directly provides and
inverts outputs of the flip-tflop part as four outputs.

7. The return-to-zero digital to analog converter according
to claim 1, wheremn the RZ control signal generating part
provides the plurality of differential switch input signals such
that at least one switch 1s always turned on with respect to at
least one pair of differential switch mputs of the differential
switch mputs of the unit switches.

8. The return-to-zero digital to analog converter according
to claim 1, wherein the RZ control signal generating part
provides the plurality of differential switch input signals such
that differential switch 1inputs with inverted signal phases of
the differential switch inputs of the unit switches are 1 sym-
metry.

9. A return-to-zero digital to analog converter comprising:

a first pipeline which aligns digital data;

a thermometer decoder which thermometer-decodes some
outputs of the first pipeline;

a dual-differential switching signal generating part which
aligns outputs of the thermometer decoder and outputs,
which are not provided to the thermometer decoder, of
outputs of the first pipeline, and outputs two pairs of RZ
control signals for each of the aligned outputs;

a switch part including a plurality of unit switches each
including two pairs of differential switches which are
respectively coupled with outputs of the dual-differen-
tial switching signal generating part and provide a pair of
differential outputs; and

a plurality of current sources respectively connected to the
unit switches of the switch part.

10. The return-to-zero digital to analog converter accord-
ing to claim 9, wherein the dual-differential switching signal
generating part recetves a system clock and outputs different
RZ control signals whenever a phase of the system clock 1s
changed.

11. The return-to-zero digital to analog converter accord-
ing to claim 9, wherein the unit switches of the switch part
include:

voltage bias switches respectively connected to the current
sources; and

two pairs of differential switches respectively connected to
the voltage bias switches,

wherein outputs of the symmetrical differential switches
are interconnected to be provided as a pair of differential
outputs.

12. The return-to-zero digital to analog converter accord-
ing to claim 9, wherein the dual-differential switching signal
generating part provides RZ control signals to the differential
switches of the unit switches such that half of current from the
current sources 1s output, with different signs, at once, as the
pair of differential outputs while the current from the current
sources 1s alternately output as each of the differential outputs
of the unit switches.

13. The return-to-zero digital to analog converter accord-
ing to claim 9, wherein the dual-differential switching signal
generating part provides RZ control signals to the differential
switches of the unit switches such that the number of turned-
on differential switches becomes always equal to the number
of turned-oil differential switches when the unit switches are
operated.

14. The return-to-zero digital to analog converter accord-
ing to claim 9, wherein the dual-differential switching signal
generating part provides RZ control signals to the differential
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switches of the unit switches such that differential switches
whose turn-on/off state 1s changed in different directions
when the unit switches are operated 1s 1n symmetry.

15. The return-to-zero digital to analog converter accord-
ing to claim 9, wherein the dual-differential switching signal
generating part includes a flip-tlop part which stores and
aligns the outputs of the thermometer decoder and the out-
puts, which are not provided to the thermometer decoder, of
the outputs of the first pipeline, and imnversion thereot accord-
ing to an external system clock and generates the RZ control
signals, and a differential signal output part which directly
provides and inverts outputs of the tlip-tlop part as four out-
puts.

16. A converting method of a return-to-zero digital to ana-
log converter, comprising:

a configuring step of configuring a switch part with umt
switches which output current from current sources to a
pair of differential output terminals according to opera-
tion of two pairs of differential switches;

an RZ control signal generating step of generating signals
to select the unit switches from a digital signal for con-
version, converting the generated signals to two pairs of
RZ control signals for control of the two pairs of differ-
ential switches, and providing the two pairs of RZ con-
trol signals; and

an RZ outputting step of outputting half of the current from
the current sources to the differential output terminals,
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with different signs, at once, while the current of the
current sources 1s alternately provided to the differential
output terminals of the unit switches according to the RZ
control signals.

17. The converting method according to claim 16, wherein
the RZ control signal generating step includes receving a
system clock and providing different RZ control signals
whenever a phase of the system clock 1s changed.

18. The converting method according to claim 17, wherein
the RZ control signal generating step include providing RZ
control signals such that half of current from the current
sources 1s output, with different signs, to the differential out-
put terminals of the unit switches at one of phases of the
system clock.

19. The converting method according to claim 16, wherein
the RZ control signal generating step includes providing RZ
control signals to the differential switches o the unit switches
such that the number of turned-on differential switches
becomes always equal to the number of turned-oif differential
switches when the unit switches are operated.

20. The converting method according to claim 16, wherein
the RZ control signal generating step includes providing RZ
control signals to the differential switches of the unit switches
such that differential switches whose turn-on/off state 1s
changed in different directions when the unit switches are
operated 1s 1n symmetry.
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